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INTRODUCT | ON

A Oopam | hydroxy lase tE-€. t: t4, 17.?7};064) catalyzes the blosyn-
thesis of noreplnephrine from dopamine In the blosynthetic pathway for
catecholamines. The enzyme [s locallzed within the synaptic vesicles of
the sympathetic nerve terminals, the storage vesicles of adrenal medulla
chromeftin cells ¢t), and peripheral and central sympathetic nerve
terminals (25" The most frequently used source of the enzyme Is the
bovine adrenal medulla, but [t has been Isolated from sheep adrenals
(3Y° rat adrenals M'f," human pheochromocytoma t‘ﬁ’ﬁ'and human serum or
plasms 8"

The release of DBH accompanles the secretion of neurotransmitters
by exocytosls from the vesicles of sympathetic nerve terminals and from
the storage vesicles of adrenal medulla chromaffin cells 77 Conse-
quently, the enzyme has been considered a potential marker for the study
of noradrenergic nerve and chromaffin cell function.,) There have been
many attempts to use serum DBH activity meaerémenfs as an Index of
sympathetic nerve activity or assoclated adrenergic dysfunction (8).

- Levels of the enzyme are elevated In patients with pheochromocytoma and
decline after removal of the tumor. However, plasma levels vary widely
among Individuals. The variations may be related more to genetic
factors than to sympathetic nerve activity (97, — &< (32

Bovine and human DBH have structural similarities. Both exist in
soluble and membrane bound forms (10), and are composed of four major
subunits with a total molecuiar welght of about 300,000. Under various
reducing or denaturing conditions speclies of molecular weights between
130,000 to 160,000 and species between 75,000 to 77,000 are obtalned
(11, 12, 13). Only the tetrameric form of the bovine enzyme (s active
while both the tetrameric and a dimeric form of the human enzyme seem to
be catalytically active specles. There does not seem to be any inter-
conversion of the two forms of the human enzyme (13),

" There Is ample evidence that cold stress can have a profound effect
on the abllity of troops to adequately wage a millitary campaign. The
recent experiences of the Royal Marines In the Falklands have been
documented by the British correspondents, Hastings and Jenkins, In thelr
book "The Battie for the Falkiands" (14), They describe how cold
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Induced problems of exhaustion, diarrhea, and trench foot severely
hampered the Marines' mission. There 1Is substantial evidence that
r norepinephrine (NE) plays an [mportant role In Initlating cold Induced
xd nonshivering thermogenesis (NST) In rats and other animals after

acclimation to cold (15). The levels of the norepinephrine syntheslizing
enzyme, DBH, In serum may prove useful as an indicator of the degree of
cold acclimation in man. Although the plasma levels of DBH activity do
not seem to be a useful Indlcatlon of cold stress, the signlficance of
the active dimeric and tetrameric forms of the human enzyme [s not clear
nor has the presence of isozymes been tested. Perhaps the levels of
these forms vary with the degree of cold acclimation.>Thls report
describes a puriflication procedure for human plasma DBH as a prelimlnary
step In the development of an analytical tool for studying the varlous
forms of the human enzyme [n crude preparations, including plasma. This
may serve as the basis for continuing studies on the levels of DBH in
cold stress or acclimation and on ways to amellorate the adverse effects

of cold stress. _g._ ____

1
¥

o
N
“‘.‘
A

.
i
%

.....



EXPERIMENTAL PROCEDURES
MATERIALS

Normal fresh frozen human plasma was obtalned from a local blood

bank. Dextran sulfate, Red Sepharose CL-6B, and Concanavilin
A-Sepharose were purchased from Pharmacia Fine Chemicals. Trisacryl
M-DEAE was obtained from LKB and Blo-Gel A-0.5 M, electrophoresis grade
acrylamide, N,N-methylenebisacrylamide, SDS and TEMED were obtained from
Blo Rad Laboratories. Other chemicais were obtained as reagent grades
and used without further purification.
METHODS

Plasma fractionation units of fresh frozen human plasma was thawed
overnight at 4°C., A 1300 to 1800 m! volume of the pooled plasma was
adjusted to pH 7.0 by the addition of 500 ml of 0.08 M sodium phosphate,
2 M NaCl, pH 7.0. All subsequent steps were performed at 4°C., Ten
milliliters of 50% (w/v) dextran sulfate in water followed by the
addition of 200 ml of 50% (w/v) polyethylene glycol were slowly added
over a period of 20-30 minutes with stirring to precipitate plasma
| lpoproteins, globulins, and fibrinogen. The suspension was stirred for
at least 60 minutes or in some cases overnight, and the precipltate col-
lected by centrifugation at 5000xg {n a Sorvall GSA rotor for 30 min-
utes.

Glycoprotein Affinity Chromatography: A 5 cm x 18 cm column of
Con A-Sepharose was equflibrated with 20 mM sodium phosphate, 500 mM
NaCi, 0.5 mM MnCIZ, 0.5 mM CaCl
previous step was applied to the column at a flow rate of 30 mi/h and
the column was washed with 2 to 3 L of 20 mM sodium phosphate, 500 mM
NaCl, pH 7.0 until the absorbance of the effluent at 280 mM was less
than 0.1. The bound DBH acf(v!fy was eluted with a 1500 ml solution of
108 (w/v) a-methyl-D-mannopyranoside in 20 mM sodium phosphate, 500 mM
NaCl, pH 7.0 at a flow rate of 60 ml/h,

lon exchange chromatography: The enzyme fractions from the Con

2 pH 7.0. The supernatant from the

A-Sepharose chromatography were pooled, concentrated and diafiltered
using an Amicon DC2 with a H2P 10-20 cartridge; 5 mM phosphate, pH 6.5
was used as the replacement buffer. Alternatively, the pooled fractlions

were concentrated using an Amicon ultrafiltration device with a PM-30
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membrane. The preparation was dlalyzed against several changes of 5 mM
phosphate buffer, pH 6.5 and then applied at 30 ml/h to a 5 cm x 15 cm
column of Trisacryl M-DEAE previously equi!ibrated with 5 mM phosphate
buffer, pH 6.5. The column was washed with the above buffer until the
absorbance of the effluent measured at 280 nm was less than 0.05. DBH
actlvity was eluted from the column with a 500 ml |inear gradient from O
- 200 mM NaCl In 5 mM phosphate, pH 6.5. Flive mlilliliter fractions were
collected at a flow rate of 30 mi/h.

Red Sepharose Affinlty Chromatography: The active fractions of DBH
activity from the Trisacryl M-DEAE column were pooled and applied
without dialysis to a 2.5 cm x 15 cm, Red Sepharose Cl-6B column
equillbrated with 5 mM phosphate buffer, pH 6.5. The column was washed
with the same buffer and DBH was eluted with a 500 ml Iinear gradient
from O - 3.0 M NaCl in 5 mM phosphate, pH 6.5.

Gel Flltration: The active ‘fractions from Red Sepharose Cl|-6B were
pooled and concentrated to a volume of 6 ml using an Amicon ultrafiitra-
tion device with a PM-30 membrane. The sample was applied to 2 2.5 cm x
90 cm Bio-Gel A-0.5 M column equilibrated with 5mM phosphate, pH 6.5 and
eluted with this buffer at 15 mi/h. The eluted enzyme was again concen-
trated and rechromatographed on the column. The pooled enzyme fractions
were stored at 4°C In the same buffer.

ANALYTICAL METHODS

Enzyme Assay: Dopamine-B-hydroxylase activity was measured using
the method of Nagatsu and Udenfriend (16). The standard reaction
mixture (total volume 1.0 ml) contalned 200 umoles sodium acetate, pH
5.0, 10 umotes sodium fumarate, 10 umoles freshly prepared ascorblic
acld, 50 ug catalase, 1 umole pargyline, 30 umoies N-ethyimaleimide, 20
umoles tyramine, and 10-200 ul of human plasma as enzyme. Reaction
mixtures containing no enzyme or enzyme plus 1 umole fusaric acid, a
potent [nhibitor of DBH activity, were run as blanks. The addition of
enzyme inl{ti{ated the reactlon. The reaction mixture was exposed to alr

and [ncubated at 37°C In a water bath for 60 min with continual shaking.
The addition of 0.2 ml of 3 M trichloroacetic acld terminated the re-
action and the mixture was centrifuged at 2000 x g for 10 min. The
supernatant fluld was transferred to a small Dowex-50 (H+, 200-400 mesh)




column prepared using a disposable Pasteur ~[pet (0.5 cm x 10 cm) and
containing 0.20 m|l packed volume of resin. The reaction tube and
precipltate were washed with 1 ml of water, and the washings transferred
to the Dowex column, After two additional 2.0 ml water washes the
absorbed amines were eluted with 2.0 ml of 4 M NH4OH. The octopamine In
the eluate was converted to p~hydroxybenzaldehyde by adding 0.20 ml of
2% (w/v) NalO4 solution. Excess perlodate was reduced by adding 0.20 ml
of 108 (w/v) Na,S,05 solution.

The absorbance was measured 3against 4 M NH40H at 330 nm In a
microcuvet with a 1 cm light path using a Varian DMS 90 spectrophoto-
meter. Various amounts of octopamine were carried through the Isolation
and oxldation procedure to prepare standard curves. Absorbance was
Itnear with octopamine concentrations from 20-160 mM,

Proteln was measured using the method of Bradford (17) with bovine
serum albumin as a standard. Actlvities were expressed In International
unlts and specific actlivities were stated as international unlits per mg
of protein.

Polyacrylamide Gel Electrophoresis: Seven percent PAGE (n a
discontinuous Trls-glycine buffer system were performed according to the
method of King and Laemmli (18). Gradlent gel electrophoresis on
Pharmacia PAA 4/30 gels were run at pH 8.4 using a Tris-boric acid EDTA
buffer system according to the method described {n the Pharmacia product
literature. Proteln samples for SDS gel electrophoresis were prepared
by heating for 5 min at 95°C In 1% SDS with 1% B-mercaptoethanol. The
proteln bands were stalined with Coomassie Blue R250.

RESULTS

Enzyme Purification: Purification of human plasma dopamine-B-
hydroxylase through the CON A-Sepharose stage is simiiar to the method
of Frigon and Stone (6). Dextran sulfate precipltated |ipoproteins and
B-globulins, while polyethyiene glycol removed fibrinogen and increased
the capacity for chromatography on CON A-Sepharose.

The chromatography of DBH on CON A-Sepharose Is shown In Figure 1.
The enzyme was released in a single peak after washing with a 108 (w/v)
a-methy!-D-glycopyranoside solution In 20 mM phosphate, 0.5 M NaC!, pH
7.0. CON A-Sepharose generally afforded more than a 40 fold purlflica-
tion as shown in Table 1.




Attempts to reproduce the purlflication step using Octyi-Sepharose
(7) were unsuccessful. When the pooled fractions from the CON A-Sepha-
rose column containing DBH were applied to 8 2.6 cm x 25 cm Octyl-Sepha-
rose column that had been equilibrated with 20 mM phosphate, 500 mM
NaCl, pH7.0, about half the DBH activity and half the total protein
passed through the column, indlicating that the column was overloaded. A
0-50% |inear gradlent of ethylene glycol In the above buffer was used to
elute the bound DBH activity but no activity could be recovered. Elther
the enzyme binds too tightly to thls resin, or [t [s very unstable In
the presence of ethylene glycol. Figure 2 shows the chromatography of
DBH on Trisacryl M-DEAE. Prior to applying the enzyme to the column [+t
was dlalyzed against 5 mM phosphate, pH 6.5. Dlalysis afforded an
additional beneflt since the removal of NaCl caused about half of the
non-enzyme protein to preclipitate. This proteln was removed by centri-
fugation prior to application of DBH to the Trisacryl M-DEAE column.

A previous report (19) described the Interaction of bovine DBH with
the dyes, Clbacron Blue and Proclon Red. Both these dyes covalently
coupled to Sepharose Cl-6B were tested as possible affinity columns,
Blue Sepharose Ci-6B was equilibrated with 20 mM phosphate, pH 7.0 and
partially purified human plasma DBH was applied. The enzyme bound to
this column and more than 80% of the applied activity could be recovered
with 8 0-0.5 M NaCl 1inear gradient In the above buffer but there was no
significant Increase In the specific activity. Variations of the |inear
gradient did not Increase the speclific activity of the recovered DBH
activity. Red Sepharose CL-6B was more successful and [t was [ncor-
porated Into the purification scheme for OBH ylelding about a
50-fold purltication as seen In Table 1. It was not necessary to
dlalyze the pooled fractlions from the Trisacryl M-DEAE column since the
low salt (about 80 mM NaCi) did not Inhibit+ the binding of DBH to the
Red Sepharose CL-6B. The enzyme bound very tightly to this resin but
could be eluted at high concentrations of NaCl ahead of most of the
non-enzyme protein as shown In Figure 3.

Attempts were made to prepare an affinity column for human DBH
using Its substrate tyramine. Using the method described In the product
literature, Tyramine was coupled to Blo Rad Affi-Gel 10 using 0.1 M
NaHOOs, pH 8.1, This column falled to provide any purification since




essentially all the appllied protein and most of the applied DBH activity
passed through the column and was recovered with no Increase In specific
activity.

Chromatography of the Red Sepharose Cl-6B purified enzyme on a Blo-
Gel A-0.5 M column produced the elution profile as shown in Flgure 4,
The major activity peak corresponded to a molecular weight of about 500K
daltons by gel filtration and yielded a major sharp band at 455K daltons
and a major diffuse band at 280K daltons on 4-30% gradient gel
electrophoresis (Figure 5). Rechromatography of the major activity peak
on the Bio-Gel A-0.5 M column (Figure 6) ylelded only the sharp band at
455K daltons on gradient gel electrophoresis. Gel flltration chromato-
graphy of the Red Sepharose C{-6B fraction always produced a tralling
peak of enzyme activity. With many of the preparations a small peak
appeared contalining DBH activity corresponding to a molecular weight by

gel filtration of about 45,000. In all cases described above the Blo-
Gel A-0.5 column had been equilibrated with 5 mM phosphate, pH 6.5. In
one preparation the column was equilibrated in the same buffer but also

containing 100 mM NaCl. None of the smaller molecular weight peaks
appeared, but when the major peak of activity was rechromatographed on
the same Blo-Gel A-0.5 column (but equilibrated In 5 mM PI, pH 6.5
wlithout NaCi) a small peak of DBH activity appeared corresponding to a
molecular welight of about 45,000, When the 45K molecular weight peak
was electrophoresed on a 4-30% gel, again two protein bands appeared, a
sharp band at 455K daltons and a diffuse band at 280K daltons. The
appearance of this 45K lower molecular welight peak containing DBH
activity was not consistent and In some cases would not appear with the
first chromatography on Blo-Gel A-0.5 but would then appear when the
major peak of DBH activity was rechromatographed under i{dentical con-
ditions. In one preparation both the major peak of DBH activity and the
45K molecular welight peak of DBH activity were concentrated and incubat-
ed In the presence of SDS and B-mercaptoethanol. After electrophoresis
on a 7% SDS - polyacrylamide gel (Flgure 7) the protein bands were
scanned using a laser densitometer. Both fractions ylelded nearly
Identical electrophoretic patterns.
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Figure 7
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Table 2. Speciflic Activity of Human Plasma DBH Preparations

Preparation Speciflic Actlvity (umole/min/mg of protein)
lkeno, et., al. (26) 0.019

Frigon, et. al. (29) 0.22

Frigon and Stone (7) 1.8

Miras-Portugal, et. al. (28) 1.2

Vvon Tersch and ralk 7.8
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Flgure 1,

Flgure

Figure
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Figure

Figure 6.

Figure 7.

FIGURE LEGEND

a-methyl~-D-mannopyranoside elution of human plasma DBH from
CON A-Sepharose.

Elution of human plasma DBH from Trisacryl M-DEAE.
Chromatography of human plasma DBH on Red Sepharose CL-6B.
Chromatography of human plasma DBH on Blo-Gel A-0.5.
Four-thirty percent polyacrylamide gel efectrophoresis of
human plasma dopamine-B-hydroxylase at different stages of
purification. Lane 1, 9-molecular weight standards. Lane 2
~ Con A-Sepharose eluate, Lane 3 - Trisacryl M-DEAE eluate,
Lane 4 - Red Sepharose CL-6B eluate, Lane 5 - first gei
filtration (500K dalton peak), Lane 6 - first gel fiitration
(trailing of major DBH activity peak), Lane 7 - second gel
filtration (500K datton peak), Lane 8 - second gel flltfra-
tion (45K dalton peak)

Rechromatography of the major DBH activity peak on Blo-Gel
A-0.5.

Seven percent SDS-polyacrytamide gel electrophoresis of
human plasma dopamine-B-hydroxylase after second gel flltra-
tion. Lanes 1, 5, 9, 10 - molecular weight standards.
Lanes 2, 3, 4 ~ 500K dalton peak. Lanes 6, 7, 8 - 45K
dalton peak.
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